Mechanical and optical properties of conventional restorative glassionomer cements -a systematic review Two reviewers independently selected and assessed the articles according to pre-established inclusion/exclusion criteria. Among all the properties investigated, only one study was classified as being of fair quality that tested compressive strength and was included. It was observed that many authors had not strictly followed ISO recommendations and that, for some properties (diametral tensile strength and microhardness), there are no guidelines provided. Conclusions: It was not possible to compare the results for the mechanical and optical properties of conventional restorative GICs due to the lack of standardization of studies.
Introduction
Since the 1950s, when the deleterious effects of mercury on humans became known, a worldwide movement to control and reduce its use in a variety of products, processes, and industries was observed Currently, the two main direct dental materials available in oral health as alternatives to amalgam restorations are resinous materials and polyalkenoatebased materials, among which the most biomimetic material is the glass-ionomer cement 3 .
The main advantages of composite resins are their excellent mechanical properties, good aesthetics and handling, which contribute to a reduced operative time 4 . On the other hand, the two most critical problems associated with such aesthetic restorations are the absence of therapeutic remineralization of the carious dentin and the low durability/integrity of the resin-dentin interface over time 5 .
In contrast, glass-ionomer cements (GICs) have interesting properties such as biocompatibility, bioactivity, fluoride release, excellent coefficient of linear thermal expansion/contraction and modulus of elasticity, as well as being the only restorative material capable of chemically bonding to the tooth structure 6 .
However, the first restorative GICs had insufficient mechanical properties to be indicated as definitive posterior and anterior restorations in permanent teeth 7, 8 . In order to overcome their poor mechanical properties, various modifications have been added into the cement powder and liquid, such as bioactive apatite, zirconia, zinc, strontium oxide, fibers, stainless steel, silica, nanocrystals, among others [9] [10] [11] [12] [13] [14] [15] [16] [17] . As a result of these improvements, glass-ionomer cement may now be indicated for posterior and anterior restorations of deciduous and permanent teeth 6, 18 .
Due to the wide variety of dental products that are constantly being launched in the world market, selecting the ideal restorative material becomes a difficult task for the clinician. Therefore, the objectives of this review were (1) to systematically analyze the conventional restorative GIC test methodologies for the following properties:
compressive strength, flexural strength, color, opacity and radiopacity; and (2) to compare the abovementioned properties of different GICs.
Material and methods
Protocol and registration 
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AND (cements OR cement OR cimento OR cimentos OR cemento OR cementos)))) AND (((radio AND opac$) OR (radio AND opaque$) OR radioopac$ OR radioopaque$ OR radiopac$ OR radiopaque$)) Selection of studies and calibration of investigators Initially, the abstracts and titles of the studies identified by the search strategy were screened by two independent investigators in order to select the studies that would be fully read. The studies selected were then independently analyzed by the same two investigators in order to check their eligibility according to the inclusion and exclusion criteria. In case of disagreement between the investigators, a consensus was reached through discussion with external consultation.
Risk of bias and quality of evidence
Data extraction and quality assessment of the included studies were critically evaluated by two independent investigators. For quality assessment, the following variables were analyzed according to the CRIS guidelines 22 for in vitro studies: 1) sample preparation and handling; 2) allocation sequence and randomization process; 3) whether the evaluators were blinded; and 4) statistical analysis. Studies with information about all variables were deemed to be of good quality; if 2-3 variables were present, they were deemed of fair quality; and lastly, they were classified as being of poor quality when none or just one aspect was covered.
Results

Search and included studies
Initially, 1146 studies were found, but only 367 articles were selected after screening the titles and abstracts. From these, 152 duplicated articles were excluded. Eventually, 215 articles were fully read, from which 118 were excluded due to the main exclusion criteria and 97 were excluded by not following the ISO
Protocols. The number of articles excluded according
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ISO recommendations Mechanical and optical properties
Storage temperature 5
Focus-film distance 1 *The total number of papers presented in the table is higher than 96 that were excluded as some papers did not follow more than one recommendation Considering the distribution of studies according to the properties tested, it was observed that only one article about compressive strength was included, while none on flexural strength, color, opacity and radiopacity were according to our criteria (Figure 3 ).
The characteristics of the study included are shown in Figure 4 . Comparisons among studies were thus not possible.
With respect to the quality assessment, the only study included was considered of fair quality, as the authors did not inform whether evaluators were blinded to the type of procedure or material that the sample was subjected to and how the samples were allocated to the different groups studied.
Discussion
In the field of dental materials, when a new product is finally tested in clinical trials, a series of laboratory tests would have already been carried out in order to verify its microstructure, properties and handling characteristics 28 . However, as no dental material currently available in the market has ideal properties for any dental application 29, 30 , the industry/researchers are The results of this review show that, depending on the property studied, none or only one laboratory study universally followed valid standardized protocols proposed to test different GIC properties. Some authors stated that they followed the specifications, but they modified the dimensions of the test specimens, the storage times, and the speed of for cylindrical specimens of concrete and not for dental cements. Therefore, there is an urgent need to: (1) come to a consensus about the relevance of testing GIC regarding DTS; and (2) to establish guidelines that can be applied globally with respect to the best way to test DTS. 
Conclusion
The scientific evidence that emerged from this review on the conventional restorative GIC test methodologies for mechanical and optical properties, which were compared in different GICs indicates that:
Only one published article that tested GIC mechanical and optical properties followed the ISO standards;
The study included was considered of fair quality, as the authors did not specify whether evaluators were blinded to the type of procedure/material that the sample was subjected to, and how samples were allocated to the different groups studied;
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There is a need for authors to strictly follow ISO instructions in laboratory experiments so that the data observed in different laboratories are comparable.
